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FIG. 4A
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FIG. 48
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FIG. 4C
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1

SUBSTRATE PROCESSING METHOD AND
SUBSTRATE PROCESSING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mmvention relates to a substrate processing
apparatus and a substrate processing method for processing
substrates with process liquids. Examples of substrates to be
processed include semiconductor waters, glass substrates for
liquid crystal displays, glass substrates for plasma displays,
substrates for FEDs (field emission displays), substrates for
optical discs, substrates for magnet-optical discs, glass sub-
strates for photomasks, substrates for ceramics, substrates for
solar cells, etc.

2. Description of Related Art

In the manufacturing steps of semiconductor or liquid crys-
tal display apparatus, hydrofluoric acid 1s supplied onto sub-
strates such as semiconductor wafers, glass substrates for
liquid crystal displays, to conduct etching step for eliminating
unwanted {ilm from substrates or cleaning step for eliminat-
ing particles from substrates. For example, JP-A-2001-15481
discloses a substrate etching apparatus for etching substrates.
In this etchung apparatus, hydrotluoric acid vapor, filled 1n a
chamber accommodating substrates, 1s supplied onto a sub-
strate. Supplying of hydrofluoric acid vapor toward substrates
1s conducted while exhaust of gas in the chamber 1s being
conducted.

Vapor etching with HF vapor (vapor that contains hydroi-
luoric acid) has inherent problems that are distinguished from
problems encountered 1n so-called wet etchings. In vapor
ctching, HF vapor condensates on a substrate, changing 1ts
state from gas to liquid. Droplets of liquid formed by the
condensation aggregate to form condensed state liquid (HF
condensed state liquid) containing hydrofluoric acid and
water on the substrate. As the condensation process takes
place on the entirety of the substrate, the vapor continues to
condense 1n drops; which coalesce and grow to be a film-like
HF condensed state formed on the whole substrate area.
Water on or around the substrate dissolves into the HF con-
densed phase liquid.

Processing substrates with HF vapor would typically take
about several 10 seconds to several 10 minutes, depending on
HF density or types of substrate. Substrate etching 1s sus-
tained as long as HF vapor supply to the substrate 1s main-
tained. Because HF component in HF vapor 1s consumed by
etching processing, new HF vapor 1s required to be replen-
ished onto the substrate. Therefore, it 1s required that HF
vapor be supplied onto the substrate 1n an umiform flow rate
across the substrate, 1n order to uniformly etch the whole
substrate area.

In a case of an etching apparatus described 1n JP-A-2001 -
15481, HF vapor 1s exhausted at a given exhaust flow rate out
ol 1ts chamber during its operation. This tends to incur bias 1n
the HF vapor flow across its substrate, and accordingly bias in
HF density distribution within 1ts etching chamber. Thus a
non-uniform condensed phase could be formed on the sub-
strate, which can cause resultant unevenness of the substrate
processing. The unevenness should be particularly conspicu-
ous for etching on peripheral portions of substrates wherein
relative pace of etching thereof slows down, to degrade pro-
cess uniformity. Such degradation of process uniformity can
happen not only 1n cases of substrate processing with hydroi-
luoric acid vapor, but also with vapor containing components
other than hydrofluoric acid.
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2
SUMMARY OF THE INVENTION

Therelore, 1t 1s an object of the present invention to provide
a substrate processing method and a substrate processing
apparatus which enables superior uniformity of substrate pro-
cessing.

A preferred embodiment of the present invention provides
a substrate processing method comprising: a preprocess step
for supplying an inert gas into an enclosed space in which a
substrate 1s disposed, while exhausting gas by sucking out of
the enclosed space at a preprocess exhaust flow rate; an etch-
ing step after the preprocess step for supplying a process
vapor 1nto the enclosed space while exhausting gas out of the
enclosed space at a etching exhaust flow rate lower than the
preprocess exhaust tlow rate to form a film liqmd on the
substrate through condensation of the process vapor, and
ctching the substrate with the film liquid; and a post-process
step after the etching step for supplying an inert gas into the
enclosed space while exhausting gas by sucking out of the
enclosed space at a post-processing exhaust tlow rate higher
than the etching exhaust flow rate.

The substrate processing method may be a etching method
for etching substrates, a cleaning method for cleaning a sub-
strate by etching away foreign materials adhered thereon, or
treating method for treating a substrate with vapor. In other
words, the process vapor may be a etching vapor containing
components for etching, a cleaning vapor containing compo-
nents for cleaning, or a vapor containing other components.
The process vapor may be a gas obtained by evaporating solid
or liquid process components, or may be a gas composed of
the vaporized process components and carrier gas (for
example, mert gas).

According to this method, exhaust of gas by sucking out of
an enclosed space and supply of an 1nert gas into an enclosed
space are conducted 1n parallel. This results 1n decrease of
atmospheric moisture amount and oxygen density. And then
exhaust of gas out of the enclosed space and supply of a
process vapor into the enclosed space are conducted 1n par-
allel. This allows the enclosed space to be filled with the
process vapor, also allows the process vapor to be efficiently
delivered onto the substrate with low atmospheric moisture
and oxygen density. Consequently, this method keeps sub-
strate processing quality under control for cases such that
substrate processing quality depends on atmospheric mois-
ture of oxygen density. Thereafter, exhaust of gas by sucking
out of the enclosed space and supply of an 1nert gas into the
enclosed space are conducted in parallel. This results 1n
replacement of the process vapor in the enclosed space for the
inert gas. This prevents the process vapor from leaking out of
the enclosed space when the enclosed space 1s opened up to
the outer space thereof.

In a substrate processing with process vapor, density gra-
dient of process vapors that flow across the substrate deeply
aifect processing uniformity. Thereby 1t 1s required that a
density gradient of a process vapor across the substrate be
umiform; as well as maintaining the density of the process
vapor above requisite value.

(Gas 1s exhausted out of an enclosed space 1n the aforemen-
tioned preprocess step, etching step, and post-processing.
Exhaust flow rate (flow volume) in the etching process 1s
lower than those 1n the preprocess step or post-process step.
Higher exhaust flow rate may cause larger variation of the
flow velocity of gas across the substrate due to high-speed
flow of the gas within the enclosed space; whereas the exhaust
flow rate 1n the etching process 1s low, resulting in a small
amounts of variations among flow rates of gas across the
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substrate. Thereby uniform supply of process vapor across
the whole surface area of the substrate can be achieved.

The etching step may include at least one of the following
steps: (a) an weak exhausting step for supplying the process
vapor 1nto the enclosed space while exhausting gases by
sucking out of the enclosed space at the etching exhaust tlow
rate; and (b) a suction halt step for supplying the process
vapor 1nto the enclosed space while exhausting gases out of
the enclosed space at the etching exhaust flow rate, with the
suction being halted.

It should be apparent that the etching step may include a
step for supplying a process vapor to the substrate while either
actively weakly exhausting gas out of the enclosed space or
passively exhausting (with the suction being halted). It should
also be apparent that the etching step may include both the
weak exhausting step and suction halt step; that 1s, the etching
step may be defined by either one of the weak exhausting step
and suction halt step followed by another one of the steps. In
cither case, low exhaust tlow rate in the etching step permits
smaller variation of exhaust flow rate of gas across the sub-
strate. Thus can be achieved uniform supply throughout the
whole of the substrate surface, which results in uniform treat-
ment throughout the whole of the substrate surface.

The substrate processing method may further comprise a
replacing step for supplying a process vapor into the enclosed
space while exhausting gas by sucking out of the enclosed
space at a replacing exhaust flow rate higher than the etching
exhaust flow rate, wherein the replacing step 1s conducted
alter the preprocess step and before the etching step.

According to this method, process vapor 1s supplied nto
the enclosed space while gases are actively exhausted out of
the enclosed space. And then the process vapor 1s supplied
into the enclosed space, maintaining the low rate of exhaust
out of the enclosed space. Replacement of gas in the enclosed
space can be processed in a short time; owning to parallel
execution of active exhaust of gas out of, and supply of
process vapor 1nto the enclosed space. This permits immedi-
ate start of the chemical reactions between the substrate and
process vapor. Furthermore, because the process vapor 1s
supplied 1nto the enclosed space maintaining the low rate of
exhaust therefrom after the above replacement, the whole
substrate surface area can be uniformly processed.

The substrate processing method may further comprise a
repetition step that alternates the replacing and etching step
for a plurality of times before the post-process step.

According to this method, process vapor 1s supplied nto
the enclosed space while gases are actively exhausted out of
the enclosed space. And then the process vapor 1s supplied
into the enclosed space, maintaining the low rate of exhaust
out of the enclosed space. Subsequently these steps are
repeated again. The repetition of the steps allows the replace-
ment of process vapor in the enclosed space with new process
vapor. Thereby less active process vapor can be replaced with
more active process vapor, permitting higher process etfi-
ciency.

The enclosed space may contain a cover having commu-
nication holes through which fluid flows between the nside
and outside of the cover, and the etching step may 1nclude a
step for supplying a process vapor mnto the iside of the cover
in a state such that the substrate 1s covered by the cover while
exhausting gas out of the outside of the cover.

According to this method, process vapor 1s supplied nto
the inside of the cover (inside space). This causes the gas in
the cover to be pushed out of the cover through the commu-
nication hole; and then the pushed-out gas join the gas in the
enclosed space, and are exhausted out of the enclosed space
together. Thus replacement of gas in the cover with process
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4

vapor, and supply of process vapor to the substrate can be
conducted. Furthermore, gas inside the cover flow more
slowly because the flow 1s impeded by the 1nner surface of the
cover. This contributes to smaller amounts variations among
flow rates of gas across the substrate, permitting even more
uniform processing for the whole substrate surface.

The etching step may include a step for supplying a process
vapor 1nto the enclosed space 1n a state such that the substrate
1s encircled by a circular protection wall while exhausting gas
out of the enclosed space.

According to this method, process vapor 1s supplied into
the enclosed space with a circular protection wall encircling,
the substrate. Flow of process vapor supplied to the substrate,
which would flow along the substrate surface, will be blocked
by the protection wall as to flows from peripheral portions of
the substrate toward outside. This makes the gas across the
substrate flow 1n a further slower flow rate, which leads to
turther decrease of flow rate of gas across the substrate. Thus,
the whole substrate surface area can be even more uniformly
processed.

The substrate processed according to this method may be a
substrate having a nitride film formed thereon (a substrate
with mitride film exposed). It should be apparent that other
types of substrates such as substrates with thin film other than
nitride film formed thereon or substrates with no thin film
thereon (bear wafer) may be treated with this method.

The substrate processing method may include a substrate
rotating step for rotating the substrate around an axis passing
through the substrate center. This allows process vapor to be
more uniformly supplied onto the substrate, improving uni-
formity of processing.

Another preferred embodiment of the present invention
provides a substrate processing apparatus comprising: a pro-
cess chamber for having an enclosed space disposed therein-
side; a substrate holding unit for holding a substrate in the
enclosed space; a process vapor supply unit for supplying a
process vapor into the enclosed space; an 1nert gas supply unit
for supplying an inert gas into the enclosed space; an exhaust
unmit for exhausting gases by sucking out of the enclosed
space; and a controller for controlling the process vapor sup-
ply unit, inert gas supply unit, and exhaust unit. The controller
executes: a preprocess step for supplying the inert gas into the
enclosed space by the mert gas supply unit, while exhausting
gases by sucking out of the enclosed space at a preprocess
exhaust tlow rate by the exhaust unit; an etching step after the
preprocess step for supplying the process vapor into the
enclosed space by the process vapor supply unit, while
exhausting gases out of the enclosed space 1nto the exhaust
unit at an etching exhaust flow rate lower than the preprocess
exhaust flow rate to form a film liquid on the substrate through
condensation of the process vapor, and etching the substrate
with the film liqud; and a post-process step aiter the etching
step for supplying the nert gas into the enclosed space by the
inert gas supply unit, while exhausting gases by sucking out
of the enclosed space at a post-processing exhaust flow rate
higher than the etching exhaust tflow rate by the exhaust unat.
This configuration allows for effects similar to those achieved
with the aforementioned configuration.

The controller may execute at least one of the following
steps: (a) an weak exhausting step for supplying the process
vapor 1nto the enclosed space by the process vapor supply
unmit, while exhausting gases by sucking out of the enclosed
space at the etching exhaust flow rate by the exhaust unit; and
(b) a suction halt step for supplying the process vapor into the
enclosed space by the process vapor supply unit, while
exhausting gases out of the enclosed space at the etching
exhaust flow rate by the exhaust unit, with the suction being
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halted. This configuration allows for eflects similar to those
achieved with the aforementioned configuration.

The controller may further execute a replacing step for
supplying a process vapor into the enclosed space by the
process vapor supply unit, while exhausting gases by sucking,
out of the enclosed space at a replacing exhaust tflow rate
higher than the etching exhaust tlow rate by the exhaust unit,
and wherein the replacing step 1s conducted after the prepro-
cess step and before the etching step. This configuration
allows for effects similar to those achieved with the afore-
mentioned configuration.

The controller may further execute a repetition step which
alternates the replacing step and etching step for a plurality of
times before the post-process step. This configuration allows
for effects similar to those achieved with the aforementioned
configuration.

The substrate processing apparatus may further include a
cover being disposed 1n the enclosed space, covering the
substrate, having communication holes through which fluids
flow between the mside and outside of the cover. And the
controller may execute the etching step including a step for
supplying a process vapor into the inside of the cover by the
process vapor supply unit, while exhausting gases out of the
outside of the cover into the exhaust unit. This configuration
allows for effects similar to those achieved with the afore-
mentioned configuration.

The substrate processing apparatus may further comprise a
circular protection wall that encircles the substrate held by the
substrate holding unit, wherein the controller executes the
etching step including a step for supplying a process vapor
into the enclosed space by the process vapor supply unit 1n a
state such that the substrate 1s encircled by a circular protec-
tion wall while exhausting gases out of the enclosed space
into the exhaust unit. This configuration allows for effects
similar to those achieved with the atorementioned configura-
tion.

The atorementioned and other objects, features, and effects
of the present invention shall be clarified by the following
description of the following preferred embodiments with ret-
erences to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic side view of a part of substrate
processing apparatus according to the first preferred embodi-
ment.

FIG. 2 schematically illustrates the first example of pro-
cessing conducted by a substrate processing apparatus.

FIG. 3 schematically illustrates the second example of
processing conducted by a substrate processing apparatus.

FIG. 4A illustrates uniformity of etching in case of
decreased exhaust flow rate and 1n case of not-decreased
exhaust flow rate in etching step.

FI1G. 4B illustrates HF density gradient on substrate in case
ol decreased exhaust tlow rate and 1n case of not-decreased
exhaust tlow rate 1n etching step.

FIG. 4C 1llustrates condition of condensed phase on sub-
strate 1n case of decreased exhaust tflow rate and 1n case of
not-decreased exhaust flow rate 1n post-process step.

FIG. 5 1s a schematic side view of a part of substrate
processing apparatus according to the second preferred
embodiment.

FIG. 6 schematically 1llustrates the third example of pro-
cessing conducted by a substrate processing apparatus.

FIG. 7 1s a schematic side view of a part of substrate
processing apparatus according to the third preferred embodi-
ment.
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6

FIG. 8 1s a schematic side view of a part of substrate
processing apparatus according to the fourth preferred
embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 1s a schematic side view of a part of substrate
processing apparatus according to the first preferred embodi-
ment.

The substrate processing apparatus 1 1s a single-watfer type
ol substrate processing apparatus that processes circular sub-
strates (waler) W such as semiconductor watfers one single
waler at a time. The substrate processing apparatus 1 com-
prises a process unit 2 for processing substrate W, and control
device 3 for controlling actions of machines provided in the
apparatus 1 and opening/closing of valves.

The process umit 2 1s a vapor process unit for supplying
vapors containing hydrogen fluoride (an example of process
vapor) onto the substrate W. The process unit 2 1s includes a
HF vapor generator 4 (process vapor supply unit, inert gas
supply unit), and chamber 5 (process chamber) with an
enclosed space S1 containing the HF vapor generator 4 dis-
posed thereinside. The density of hydrofluoric acid within the
vapor generator 4 1s adjusted so as to render a so-called
pseudo-azeotropic composition (for example, about 39.6% in
density at 1 standard atmospheric pressure, at room tempera-
ture). The HF vapor generator 4 heats hydrofluoric acid by a
HF heater 6 built thereinside. The temperature of hydrofluoric
acid in the HF vapor generator 4 1s controlled by the control
device 3.

The process unit 2 includes a perforated plate 7 disposed
below the HF vapor generator 4, and a hot plate 8 disposed
below the perforated plate 7. The hot plate 8 1s an example of
substrate holding units holding substrate W, as well as an
example of substrate heaters heating substrate W. Hot plate 8
horizontally holds the substrate W 1n a substrate holding
position (shown 1n FIG. 1) such that the upper face of the
substrate W faces the perforated plate 7. The substrate W 1s
held while being heated by the hot plate 8. The temperature of
the substrate W 1s maintained within a given range (for
example 30 to 100 degrees 1n Celsius) by the control device 3.
When rotational drive device 10 including motor etc. rotates
a rotational shaft 9 connected therewith; causes the hot plate
8 connected with the shait 9 to rotate around the vertical
rotational axis Al passing through the center of the substrate
W. Thereby the substrate W held by the hot plate 8 rotates
around the vertical rotational axis Al.

The process unit 2 further includes a cylindrical bellows 11
disposed around the hot plate 8 encircling thereot, a sliding
unit (not shown) that extends/contracts extendable the cylin-
drical bellows 11, a shutter 13 that opens/closes an opening 12
formed on the side wall of the chamber 5, and open/close unit
(not shown) that moves the shutter 13. Hot plate 8 1s disposed
inside the bellows 11. The opening 12 1s disposed facing the
hot plate 8. The sliding unit extends/contracts the bellows 11
within an area between an enclosing position (solid line) at
which the upper peripheral portion of the bellows 11 contacts
the perforated plate 7 to enclose the space surrounding the hot
plate 8 and a retreating position (alternate long and two short
dashes line) at which the upper peripheral portion of the
bellows 11 retreats below the upper face of the hot plate 8. The
open/close unit moves the shutter 13 within a space between
an opening position at which the opening 12 1s opened and a
closing position (shown 1n FIG. 12) at which the opening 12
1s closed.
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The HF vapor generator 4 includes a vapor generate space
S2 filled with hydrofluoric acidic vapor (gas generated from
hydrofluoric acid evaporation) and a flow path 15 connected
with the space S2 via a communication valve 14. HF vapor
generator 4 1s connected with a first pipe 18 that 1s interposed
with a first flow rate controller 16 and a first valve 17. HF
vapor generator 4 1s connected with a first nitrogen gas supply
source 19 via the first pipe 18. Nitrogen gas (a type of nert
gas ) 1s supplied to the vapor generator S2 via the first pipe 18.
Likewise the flow path 15 1s connected with a second pipe 22
that 1s interposed with a second flow rate controller 20 and a
second valve 21. The tlow path 15 1s connected with a second
nitrogen supply source 23 via the second pipe 22. Nitrogen
gas 1s supplied to the flow path 15 via the second pipe 22.

The control device 3 opens/closes the communication 14,
the first valve 17. With the communication valve 14 and the
first valve 17 are opened, the flow of nitrogen gas from the
first nitrogen gas supply source causes hydrofluoric acid
vapor 1n the vapor generator S2 to be supplied to the flow path
15 via the communication valve 14. Accordingly, with the
valve 14, 17, 21 opened, the tlow of nitrogen gas from the
second nitrogen supply source 23 causes HF vapor (gas con-
taining hydrofluoric acid vapor and nitrogen gas) supplied to
the flow path 15 to be led 1nto the perforated plate 7. Thereby,
the HF vapor passes through multiple through hole formed on
the perforated plate 7, hitting the upper face of the substrate W
held by the hot plate 8. When only the second valve 21 1s
opened, what 1t 1s only the nitrogen gas that 1s brought to the
perforated plate 7; consequently the nmitrogen gas blows onto
the upper face of the substrate W.

The substrate processing apparatus 1 further includes a
exhaust unit 24 for exhausting gas out of the chamber 5. The
exhaust unit 24 includes a exhaust pipe 25 connected to a
space mnside the chamber 5 (the enclosed space S1), a exhaust
device 26 (a pump) connected with the exhaust pipe 25, a
pressure meter 27 for measuring atmospheric pressure within
the exhaust pipe 25, and a relief valve 28 connected with the
exhaust pipe 25.

The exhaust device 26 1s connected to the space nside the
chamber 5 (interior space of the bellows 11) via the exhaust
pipe 25. With the exhaust device 26 activated, gas in the
chamber 5 1s exhausted out of the chamber S with the sucking
forces exerted by the exhaust device 26. The exhaust of gas by

the chamber 3 at a sucking power (exhaust pressure, or gauge
pressure) set by the control device 3. The control device 3
controls the degree of sucking power of the exhaust device 26
in accordance with pressure values measured by the pressure
meter 27.

The exhaust pressure ranges, for example, from more than
minus 500 Pa to less than 0 Pa in gauge pressure, when
sucking the exhaust pipe 25. Higher the exhaust pressure
value yields stronger suction power exerted by the exhaust
device 26. Stronger suction power by the exhaust device 26
results 1n the increase of exhaust flow rate (volume flow rate);
whereas weaker suction power by the exhaust device 26
results 1n the decrease of exhaust tlow rate. While the exhaust
pipe 25 1s exhausted by suction by the exhaust device 26 at a
given exhaust pressure, pressure in the exhaust pipe 25 1s
maintained at the exhaust pressure.

The relief valve 28 1s connected with the exhaust pipe 25 in
the upstream side of the exhaust device 26. The relief valve 28
1s closed when pressure 1n the chamber 3 1s below a given

pressure value, which 1s higher than atmospheric pressure, of

the relief valve 28. When the pressure in the chamber 35
reaches up to the given pressure value, the relief valve 28
opens to exhaust gases 1n the bellows 11. This causes the

the exhaust device 26 1s conducted by sucking the gas out of
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pressure 1n the chamber 5 to decrease, thus the relief valve 28
closed again with time. Accordingly, by the workings of valve
28, the pressure 1n the chamber 5 1s maintained: within a value
below a given pressure value.

Now will be described an example of substrate W process-
ing by the substrate processing apparatus 1. Specifically, a
processing for etching LP-SiN thin film (Low Pressure-Sili-
con Nitride) that 1s a nitride film, formed on silicon substrate
surface, by providing a vapor containing hydrogen fluoride
onto the substrate surface.

FIG. 2 schematically illustrates the first example of pro-
cessing conducted by a substrate processing apparatus. The
following description refers to FIG. 1 and FIG. 2.

To be treated by the process unit 2, a substrate W 1s trans-
ported into the chamber 5. To be more specific, the control
device 3 controls a transport robot (not shown) to transport the
substrate W 1nto the chamber 5 with the bellows 11 positioned
at retreat position and the shutter 13 positioned at opening
position. And then the control device 3 controls the transport
robot to retreat from the chamber 5, the bellows 11 to move to
the enclosing position, and the shutter 13 to move to the
closing position.

Thereatter, a preprocess step for replacing gas 1in the cham-
ber 5 with nitrogen gas 1s executed. To be more specific, the
control device 3 controls the rotational drive device 10 to
rotate the substrate W held by the hot plate 8. Thereatfter, the
control device 3 opens the second valve 21, with the bellows
11 positioned at enclosing position and the exhaust device 26
exhausting gases by suction out of the exhaust pipe 25 at a
preprocess exhaust pressure. The preprocess exhaust pressure
1s a g1ven pressure ranges from minus S00 Pa to minus 300 Pa
(for example, minus 300 Pa). By opening the second valve 21,
nitrogen gas 1s supplied from the second pipe 22 mto flow
path 15; then 1s supplied from the perforated plate 7 into the
interior of the bellows 11. Gas in the bellows 11 1s sucked by
exhaust device 26 into the exhaust pipe 25; and as well as 1s
pushed into the exhaust pipe 25 by nitrogen gas supplied mnto
the bellows 11. Thereby gas in the chamber 5 1s replaced with
nitrogen gas, decreasing the moisture quantity and oxygen
density in the chamber 5. The control device 3 closes the
second valve 21 after the completion of replacement of gas 1n
the chamber with nitrogen gas.

Thereatter, an etching step for providing HF vapor to the
substrate W 1s conducted. To be more specific, the control
device 3 decreases suction power of the exhaust device 26, to
lower exhaust tlow rates in contrast to exhaust flow rates in the
preprocess step. To do this, the control device 3 may either
decrease exhaust pressures (or suction power) of the exhaust
device 26 to a etching exhaust tlow rate (for example, more
than minus 300 Pa, less than 0 Pa) weaker than the preprocess
exhaust flow rate, or deactivate suction by the exhaust device
26. The control device 3 opens the communication valve 14,
the first valve 17, and the second valve 21, with exhaust flow
rate decreased; thereby HF vapor passes through the through
holes on the perforated plate 7, to be blown onto the rotating
substrate W kept at a given temperature by the hot plate 8.

When the exhaust apparatus 26 1s activated, the HF vapor
blown onto the substrate W 1s sucked into the exhaust pipe 25
with suction power exerted by the exhaust device 26. When
the exhaust apparatus 26 1s deactivated, atmospheric pressure
within the chamber 3 rises up to a given pressure value for the
relief valve 28 (Tor example, more than O Pa, less than 100 Pa
in gauge pressure), opening the reliel valve 28; thereby
exhausting the HF vapor blown onto the substrate W out of the
chamber 5 through the exhaust pipe 25. Therefore as HF
vapor 1s supplied to the substrate W, replacement of nitrogen
gas 1n the bellows 11 with HF vapor 1s carried out. After a
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given lapse from when the communication valve 14, the first
valve 17, and the second valve 21 are opened, the control
device 3 closes the communication valve 14, the first valve 17,
and the second valve 21 to deactivate supply of HF vapor to
the substrate W.

Thereafter a post-process step for replacing gas in the
chamber 5 with nitrogen gas. To be more specific, the control
device 3 increase exhaust tlow rates of gas from the chamber
5 1n contrast to exhaust tlow rates in the etching step. That 1s,
the control device 3 increases exhaust flow rates (or suction
power) exerted by the exhaust device 26 to a post-processing,
exhaust rate (for example, more than minus 500 Pa, less than
minus 300 Pa. for example, minus 300 Pa). And then the
control device 3 opens the second valve 21 with exhaust flow
rates increased. Thereby as gas 1n the bellows 11 containing
HF vapor 1s exhausted 1nto the exhaust pipe 25 with suction
power exerted by the exhaust device 26, 1s pushed out into the
exhaust pipe 25 with the nitrogen gas supplied mnto the bel-
lows 11. Thus gas 1n the bellows 11 1s replaced with nitrogen
gas. The control device 3 closes the second valve 21 after gas
in the bellows 11 1s replaced with nitrogen gas. And then the
control device 3 stops the rotation of the substrate W.

Thereafter a transport step for transporting the substrate W
out of the chamber 5 i1s executed. To be more specific, the
control device 3 moves the bellows 11 from the enclosed
position to the retreat position, and moves the shutter 13 from
the closing position to the opeming position. And then, with
the bellows 11 and the shutter positioned at the enclosed and
opening position respectively, the control device 3 controls
the transport robot to transport the substrate W out of the
chamber 5. Subsequently the control device 3 moves the
shutter 13 to the closing position.

In the etching step, HF vapor 1s umiformly blown onto the
upper face of the substrate W wvia the perforated plate 7.
Exhaust tlow rate in the etching step 1s lower than exhaust
flow rates 1n the preprocess step or 1n the post-process step.
Thereby tlow velocity in the chamber 5 1n the etching step 1s
lower than flow velocity in the preprocess step or in the
post-process step. Therefore the difference between tlow
velocities above the middle portion and the peripheral portion
of the upper face of the substrate W 1s relatively small; thus
the small variation of flow velocities at above the substrate W.
This contributes to the uniform supply of HF vapor via the
perforated plate 7 onto the whole upper face of the substrate
W. This permits the condensation of HF vapor on the substrate
W, and the formation of a uniform and ultrathin condensed
phase liquid containing hydrogen fluoride and water on the
whole upper face of the substrate W. Accordingly hydrogen
fluoride and water 1s uniformly supplied over the whole upper
face of the substrate W, permitting uniform etching of nitride
f1lm formed thereon.

FIG. 3 schematically illustrates the second example of
processing conducted by a substrate processing apparatus.
The following description refers to FIG. 1 and FIG. 3.

Major difference between the first and second example of
processing 1s, belore the etching step taking place, the
replacement step (FIG. 3) in the second example of process-
ing replaces gas in the chamber 5 with HF vapor in short time
by supplying HF vapor into the chamber 5 while exhausting
gas out of the chamber 5 at the same exhaust flow rate as that
in the preprocess step.

To be more specific, 1 the second example of processing,
a transport step and then a preprocess step are conducted 1n
the same manner as in the first example of processing. This 1s
tollowed a replacement step for replacing gas 1n the chamber
5 with HF vapor. Specifically, the control device 3 opens the
communication valve 14, the first valve 17, and the second

10

15

20

25

30

35

40

45

50

55

60

65

10

valve 21, with exhaust pressure of the exhaust device 26 kept
at a preprocess exhaust pressure. Therefore as HF vapor 1s
supplied into the bellows 11, gas 1n the bellows 11 containing
nitrogen gas 1s exhausted at the same exhaust tlow rate as 1n
the preprocess step. Thereby gas 1n the bellows 11 1s replaced
with HF vapor 1n short time. After the completion of replace-
ment of gas 1n the bellows 11 with HF vapor, the control
device 3 executes the alorementioned etching step, post-pro-
cess step, and transport step.

The control 3 may either execute the post-process step right
alter the completion of the etching step; or execute the post-
process step after sequentially completing the etching step,
the replacement step, and the etching step. Stated another
way, the control device may execute a repetition step wherein
the preprocess step 1s followed by a cycle from the replace-
ment step to etching step 1s repeated several times. Also the
control device 3 may execute the post-process step after the
repetition step. By executing the replacement step after the
ctching step, HF vapor 1n a degraded activity quality can be
replaced with more active HF vapor. Thereby the process
elficiency can be enhanced.

As shown heremnabove, gas 1n the chamber 5 1s exhausted
out of the chamber 5 by the supply of ert gas such as
nitrogen gas in the first and second examples of processing
(preprocess step). Thereafter HE vapor 1s supplied into the
chamber 5, with lower exhaust flow rate than that in the
prepress step (vapor etching step). Thereatter HF vapor in the
chamber 5 1s exhausted out of the chamber 5 by the supply of
inert gas such as nitrogen gas (post-process step).

Either the preprocess step or the post-process step typically
requires about 30 seconds to 1 minute, and the etching step
typically takes several minutes, depending on HF density,
processing object, or types of etching.

In the preprocess step, while gas in the chamber 5 1s
exhausted, temperature control 1s executed 1n order to prevent
dew condensation. The dew condensation prevention 1s con-
ducted to prevent the inner face of the chamber 5 or parts 1n
the chamber 5 from being wet, or to prevent etching rate 1in the
etching step from deviating. In the preprocess step, exhaust at
a exhaust pressure that ranges, for example, from minus 500
Pa to minus 300 Pa i1s conducted in order to shorten the
process time.

In the etching step, 1t 1s preferable that HF vapor tlow
across the substrate W 1n a uniform flow velocities, and {fresh
HF vapor be supplied onto the substrate W. Considering this,
gas 1s exhausted at a exhaust pressure ranging from minus 300
Pa to 0 Pa in the etching step. Note that even when an exhaust
pressure 1s 0 Pa, HF vapor would be somewhat exhausted. As
etching processing proceeds, HF component in HF vapor 1s
consumed; which necessitates the constant supply of fresh
HF vapor onto the substrate W during the process. This 1s the
main reason why constant exhaust of HF vapor 1s required.

In the post-process step, 1t 1s required that HF residue
around the substrate W be totally and quickly eliminated,
because locally remaining HF vapor on or above the substrate
W can induce non-umformity 1n processing. Therefore 1t 1s
necessary that the whole area of the substrate be etch-stopped
by replacing residue HF vapor with inert gas as quickly as
possible after the termination of the etching step. It 1s also
required that the post-process step should take shorter time.
Accordingly, for example, exhaust in the post-process step 1s
executed at minus 500 Pa to minus 300 Pa of exhaust pressure.

As described hereinabove, improvement on process uni-
formity of substrate W can be achieved 1n VPC (vapor phase
cleaning) by changing exhaust pressure in the preprocess
step, etching step, and post-process step. That 1s, sequential
processing of preprocess, etching, and post-process (in this
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order) contributes to uniformity of substrate processing;
thereby the whole surface area of substrate W 1s uniformly
processed, or umiformly etched.

FIG. 4A illustrates uniformity of etching in case of
decreased exhaust flow rate and in case ol not-decreased
exhaust flow rate 1 etching step. F1G. 4 A shows relationship
between radius of circular substrate (horizontal axis) and
ctching amounts for each radius (vertical axis).

Measurement values shown in alternate long and short
dash lines and alternate long and two short dashes lines
respectively correspond to the preferred embodiment and a
comparison example, both sets of values regarding the pro-
cessing of substrate W in accordance with the aforementioned
first example of processing. The processing conditions are
identical except exhaust pressure of the exhaust device 26 1n
the etching step. Specifically speaking, measurement values
shown 1n alternate long and short dash lines and alternate long
and two short dashes lines respectively correspond to a case
that exhaust pressure 1s weaken (O Pa of exhaust pressure)
only 1n the etching step, and a case that exhaust pressure 1s
kept constant (minus 300 Pa) from preprocess step to post-
process step.

As shown in FIG. 4A, the amounts of etching 1s greater 1n
the middle portion (in the vicimity of O mm 1n radius) than in
the peripheral (in the vicinity of 150 mm 1n radius) of sub-
strate W, 1n either case of the preferred example and compari-
son example. The difference between etching amounts in the
middle and the peripheral in the case of the preferred example
1s smaller than 1n the case of the comparison example. Stated
another way, the preferred example gives higher etching uni-
formity than the comparison example. Furthermore the pre-
ferred example shows higher amounts of etching at every
position 1n the substrate W than the comparison example.
Accordingly, by decreasing exhaust flow rate in the etching
step, etching uniformity and efficiency can be enhanced.

FI1G. 4B illustrates HF density gradient on substrate in case
of decreased exhaust tlow rate (right column) and 1n case of
not-decreased exhaust tlow rate (left column) 1n etching step.
FIG. 4C 1llustrates condition of condensed phase on substrate
in case of decreased exhaust tlow rate (right column) and 1n
case of not-decreased exhaust tlow rate (left column) 1 post-
process step.

As shown 1n the left column of FIG. 4B, a strong suction
power 1n exhausting gas out of a chamber permits the thick-
ness of condensed phase liquid to become larger 1n peripheral
than 1 ner area, due to the faster HF vapor flow rate in
peripheral than 1n mnner area. Thus the thickness of condensed
phase liquid containing HF and water 1s non-uniform; hence
the lower HF density in peripheral than in inner area of the
substrate. In contrast to this, a decreased exhaust flow rate
gives alower tlow rate of gas within the chamber; accordingly
causes the thickness difference of condensed phase between
in peripheral and 1n mner area; forming condensed phase
liquid on the substrate 1n uniform thickness, as shown in the
right column of FIG. 4B. Thereby HF densities variation on
the substrate and etching uniformity can be improved.

Now, 1t 1s required that HF atmosphere should be replaced
with 1nert gas immediately after the etching processing with
HF vapor. As shown 1n the right column of FIG. 4C, a smaller
exhaust flow rate permits HF condensed phase to be elimi-
nated starting from peripheral portion of the substrate where
the tlow rate 1s relatively higher; resulting 1n a state such that
the condensed phase still remains only 1n the inner area.
Owning to the remaining condensed phase liquid, etching
proceeds even while replacement of HF atmosphere taking,
place. In contrast to this, a stronger suction power 1n exhaust-
ing gas out of the chamber renders the instant elimination of
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condensed phase liquid, uniformly terminating etching pro-
cess owning to almost istantaneous elimination of the con-

densed phase liquid as shown 1n the leit column of FIG. 4C.
Therefore a stronger suction power 1s exerted 1n post-process
step than 1n etching step. Thereby processing uniformity can
be improved.

As 1s shown hereinabove, 1n the first preferred embodi-
ment, the flow velocity of gas in the chamber 5 1s decreased by
lowering suction power (exhaust pressure) of the exhaust
device 26 1n the etching step; thereby decreasing the variation
of gas flow velocity across the substrate W. In etching process
utilizing HF vapor, the density gradient of HF vapor tflowing
across the substrate W deeply aflects the resultant process
uniformity. Therefore 1n order to uniformly etch thin film
such as SiN formed on substrate W or substrate 1itself, 1t 1s
required that the density gradient of HF vapor across the
substrate W be uniform, while keeping the density of HF
vapor density above given density. Such requirement 1s sat-
isfied by lowering variations of gas tlow velocities across the
substrate W to uniformly supply HF vapor onto the whole
surface area of the substrate W as in explained above. Thereby
the whole surface area of the substrate W can be uniformly
processed. In other words, improvement on process unifor-
mity can be achieved by controlling flow velocities of gas in
the chamber 5.

The Second Preferred Embodiment

The second preterred embodiment of the invention will be
described hereinbelow.

In FIG. 5 to FIG. 6, like parts shown in aforementioned
FIG. 1 to FIG. 4 are given corresponding like reference
numerals, and hence explanations thereol omitted.

FIG. 5 1s a schematic side view of a part of substrate
processing apparatus according to the second preferred
embodiment.

A substrate processing apparatus 201 1s configured 1n a
similar manner as 1n the first preferred embodiment. To be
more specific, the substrate processing apparatus 201
includes a process unit 202 instead of a process unit 202. The
process unit 202 includes a plurality of HF vapor generators 4,
a chamber 5, a perforated plate 7, a hot plate 8, and an exhaust
unit 24. The process umt 202 also includes a process a cover
229 disposed 1n the chamber §, and a cover transport unit 230
for transporting the cover 229 inside the chamber 5.

The cover 229, which 1s 1n the shape of a hood, 1s held up
by the cover transport unit 230 1n a upside down posture with
its opening facing downward. The cover 229 includes a cir-
cular roof wall 232 with a plurality of communication holes
231 (through holes) formed thereon, and a cylindrical side
wall 233 that downwardly extends from the outer peripheral
portion of the roof wall 232. The mner diameter of the side
wall 233 1s greater than that of the substrate W. The side wall
233 also functions as protection wall for inhibiting gas flow
out of the substrate W.

The cover transport unit 230 moves the cover 229 between
a processing position at which a lower edge of the side wall
233 contacts an upper face of the hot plate 8 to surround the
substrate W, and a retreat position at which the lower edge of
the side wall 233 1s above the substrate W. When the cover 229
1s positioned at the processing position, the inside ol the cover
229 (inside space) 1s enclosed, or sealed. Furthermore when
the cover 229 1s positioned at the processing position with the
substrate W held by hot plate 8, the substrate W 1s covered by
the cover 229, positioned inside the cover 229.

HF vapor generators 4 are disposed around the cover 229.
HF vapor generator 4 1s connected with the side wall 233. HF



US 8,821,741 B2

13

vapor generator 4 supplies gas (HF vapor or nitrogen gas) into
the inside of the cover 229. When gas from the HF vapor
generator 4 1s supplied into the iside of the cover 229 with
the cover 229 positioned at the processing position, the inside
of the cover 229 1s filled with gas from the HF vapor generator
4. Furthermore, due to the plurality of communication holes
231 formed on the roof wall 232, gas supplied 1nto the inside
ol the cover 229 1s exhausted to the exterior of the cover 229
via the communication holes 231. Thereby ascending air
current 1s formed inside of the cover 229.

FIG. 6 schematically 1llustrates the third example of pro-
cessing conducted by a substrate processing apparatus. The
following description refers to FIG. 5 and FIG. 6.

A transport step for transporting the substrate W 1nto the
process unit 202 1s executed to process the substrate W by the
process unit 202. To be specific, the control device 3 trans-
ports the substrate W 1nto the process unit 202 with the cover
229 positioned at the retreat position and the shutter 13 posi-
tioned at the opening position. Then the control device 3
transports the cover 229 to the processing position after
retreating the transport robot out of the chamber 5, and trans-
ports the shutter 13 to the closing position. Thereby the sub-
strate W held by the hot plate 8 1s covered with the cover 229,
and 1s disposed the 1nside of the now enclosed cover 229.

Thereafter a preprocess step for replacing gas 1n the cham-
ber 5 with nitrogen gas. To be more specific, the control
device 3 opens the first valve 21 with the exhaust device 26
sucking out of an exhaust pipe 25 at a preprocess exhaust
pressure. Thereby, nitrogen gas from the HF vapor generator
4 1s supplied to the cover 229, gas in the cover 229 is
exhausted to the outside of the cover 229 via the communi-
cation holes 231. Then the exhausted gas 1s exhausted into the
exhaust pipe 25 by suction power of the exhaust device 26.
Thereby gas 1n the cover 229 is replaced with mitrogen gas.
Also, because the nitrogen gas exhausted out of the cover 229
1s exhausted into the exhaust pipe 25 by suction power of
exhaust device 26, gas outside of the cover 229 (outside
space) 1s also replaced with nitrogen gas. The second valve 21
1s closed by the control device 3 after replacement of the gas
both 1nside and outside of the cover 229 with nitrogen gas.

Thereafter a etching step for supplying HF vapor onto the
substrate W. To be more specific, the control device 3
decreases exhaust tlow rate out of the chamber 5 from the
exhaust tlow rate in the preprocess step, by weakening suction
power exerted by the exhaust device 26. To do this, the control
device 3 may either decrease exhaust pressures (or suction
power) of the exhaust device 26 to a etching exhaust flow rate
weaker than the preprocess exhaust flow rate, or deactivate
suction by the exhaust device 26. The control device 3 opens
the communication valve 14 (FIG. 1), the first valve 17, and
the second wvalve 21, with exhaust flow rate decreased;
thereby HF vapor from the HF vapor generator 4 1s supplied
into the cover 229. Thereby nitrogen gas 1n the cover 229 1s
replace with HF vapor, along with supply of HF vapor into the
substrate W. In the same manner, HF vapor exhausted out of
the cover 229 1s supplied to the outside of the cover 229, gas
in the chamber 5 1s replaced with HF vapor. Accordingly, HF
vapor 1s supplied to the substrate W, and substrate W 1s
ctched. After a given lapse from when the communication
valve 14, the first valve 17, and the second wvalve 21 are
opened, the control device 3 deactivates the supply of HF
vapor to the substrate W by closing the communication valve
14, the first valve 17, and the second valve 21.

Therealfter a post-process step for replacing gas in the
chamber 3 with nitrogen gas 1s executed. To be more specific,
the control device 3 increases suction power of the exhaust
device 26, or restarts suction exerted by the exhaust device 26
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to increase exhaust tlow rates of gas from the chamber 5 1n
contrast to exhaust flow rates 1n the etching step. That 1s, the

control device 3 increases exhaust flow rates (or suction
power) exerted by the exhaust device 26 to a post-processing
exhaust rate. And then the control device 3 opens the second
valve 21 with exhaust tlow rates increased. Thereby the gas
inside and outside of the cover 229 1s replaced with nitrogen
gas. Thereafter the control device 3 deactivates the supply of
nitrogen gas to the cover 229 by closing the second valve 21.

Thereatter, a transport step for transporting the substrate W
out of the chamber 5 1s executed. To be more specific, the
control device 3 transports the cover 229 from the processing
position to the retreat position; and moves the shutter 13 from
the closing position to the opening position. And then the
control device 3 transports the substrate W out of the chamber
5 by transport robot, in a state that the cover 229 and the
shutter 13 are respectively positioned at the closing position
and the opeming position. Subsequently the control device
moves the shutter 13 to the closing position.

As shown hereinabove, 1n the second preferred embodi-
ment, along with lowering suction power of the exhaust
device 26 1n the etching step, HF vapor 1s supplied into the
inside of the cover 229 (inside space) with the substrate W
covered therewith. Gas inside the cover 229 flows more
slowly because the tlow 1s impeded by the inner surface of the
cover 229. This contributes to smaller variations among flow
rates of gas across the substrate, permitting even more uni-
form processing for the whole substrate surface.

The Third Preterred Embodiment

The third preferred embodiment of the mvention will be
described hereinbelow.

In FIG. 7, like parts shown 1n aforementioned FIG. 1 to
FIG. 6 are given corresponding like reference numerals, and
hence explanations thereol omitted.

FIG. 7 1s a schematic side view of a part of substrate
processing apparatus 301 according to the third preferred
embodiment.

A substrate processing apparatus 301 i1s configured 1n a
similar manner as in the first preferred embodiment. To be
more specific, the substrate processing apparatus 301
includes a process unit 302 instead of a process unit 2. The
process unit 302 includes a plurality of HF vapor generators 4,
a chamber 5, a perforated plate 7, a hot plate 8, a rotational
shaft 9, a rotational drive device 10, and an exhaust unit 24.
The process unit 202 also includes a cover 229 and a cover
transport unit 230. The HF vapor generator 1s disposed above
the cover 4. The cover transport unit 230 moves the cover 229
between a processing position at which a lower edge of the
side wall 233 comes close to the upper face of the hot plate 8,
surrounding the substrate W, without contacting neither the
substrate W nor the hot plate 8; and a retreat position at which
the lower edge of the side wall 233 1s positioned above the
substrate W.

The control device 3 processes the substrate W 1n the
similar manner as 1n the aforementioned first and second
example ol processing. The control device 3 decreases
exhaust flow rate out of the chamber 5 in contrast to exhaust
flow rates in the preprocess step ol post-process step 1n the
ctching step. Furthermore, the control device 3 controls the
HF vapor generator 4 to dispense HF vapor in a state such that
the substrate W 1s held by the hot plate 8, and the cover 229 1s
positioned at the processing position. HF vapor dispensed
from the HF vapor generator 4 flows into the cover 229 via a
plurality of communication holes 231. HF vapor flown into
the cover 229 downwardly flows through the cover 229, push-
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ing out gas thereinside. Therefore, as shown by the arrows 1n
FIG. 7, gas in the cover 229 1s exhausted to the outside of the

cover 229, passing through the gap between the lower edge of
the side wall 233 and the hot plate 8. Thus gas in the chamber
5 containing nitrogen gas 1s replaced with HF vapor, filing the
cover 229 with HF vapor, accordingly supplying HF vapor to
the substrate W to etch the substrate W.

As described heremnabove, 1n the third preferred embodi-
ment, along with decreasing suction power of the exhaust
device 26 1n the etching step, HF vapor 1s supplied into the
inside of the cover 229 (inside space) with the substrate W
being covered therewith. HF vapor flowed into the cover 229
1s exhausted through the narrow gap between the lower edge
of the side wall 233 and the hot plate 8, further decreasing the
gas tlow velocity 1n the cover 229. This contributes to further
decrease of the varnations of flow rates of gas across the
substrate W, permitting even more uniform processing for the
whole surface area of the substrate W.

The Fourth Preterred Embodiment

The fourth preferred embodiment of the invention will be
described hereinbelow.

In FIG. 8, like parts shown in aforementioned FIG. 1 to
FIG. 7 are given corresponding like reference numerals, and
hence explanations thereof omitted.

FIG. 8 1s a schematic side view of a part of substrate
processing apparatus 401 according to the fourth preferred
embodiment.

A substrate processing apparatus 401 1s configured 1n a
similar manner as in the first preferred embodiment. To be
more specific, the substrate processing apparatus 401
includes a process unit 402 instead of a process unit 2. The
process unit 402 includes a plurality of HF vapor generators 4,
a chamber 5, a perforated plate 7, a hot plate 8, a rotational
shaft 9, a rotational drive device 10, and an exhaust unit 24.
The process unit 402 also includes a circular protection wall
434 disposed inthe chamber 5, and a protection wall transport
unit 435 for transporting the protection wall 434 within the
chamber 5. The protection wall 434 concentrically encircles
the substrate W held by the hot plate 8. While 1t 1s preferable
that the protection wall 434 be configured 1n a continuously
cylindrical form, the wall may be defined by divide members
concentrically disposed with respect to the substrate W, with
respective gaps in circumierential direction. The protection
wall 434 extends from the upper face of the hot plate 8 and
supported thereby. The substrate W transported by transport
robot 1s relayed by support pins (not shown), and mounted
onto the hot plate 8.

The control device 3 processes the substrate W 1n the
similar manner as 1n the aforementioned first and second
examples of processing. In the etching step, the control device
3 decreases exhaust tlow rate out of the chamber 5 1n contrast
to the preprocess step or post-process step. Furthermore, the
control device 3 controls the HF vapor generator 4 to dispense
HF vapor 1n a state such that the substrate W 1s held by the hot
plate 8. HF vapor dispensed from the HF vapor generator 4
flows 1nto the 1nside space of the protection wall 434; thereby
gas within the protection wall 434 1s exhausted outside.
Thereby gas iside of the cover 229 contaiming nitrogen gas 1s
replaced with HF vapor, filing the protection wall therewaith.
Accordingly, HF vapor 1s supplied onto the substrate W, to
ctch the substrate W.

As described hereinabove, 1n the fourth preferred embodi-
ment, along with lowering suction power of the exhaust
device 26 in the etching step, HF vapor 1s supplied into the
inside of the protection wall 434, with the substrate W
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encircled thereby. Thereby HF vapor 1s supplied to the sub-
strate W. Because the protection wall 434 encircles the sub-
strate W, tlow of process vapor supplied to the substrate,
which would flow along the substrate surface, will be
impeded by the protection wall 434 as shown in the arrows 1n
FIG. 8. Consequently gas on or above the substrate W flows
more slowly, yielding smaller variation of gas flow rate on or
above the substrate W. Accordingly the whole surface area of
the substrate W can be more uniformly processed.

Other Forms of Embodiments

Although the first to fourth preferred embodiments of the
present invention have been described hereinabove, it should
be clear for those skilled 1n the art that the present invention
may not be limited by the description 1n 1ts scope and may be
put into practice 1n other modes with various modifications
within the scope of the invention limited by claims appended
hereto.

For example, while HF vapor 1s supplied onto a rotating
substrate in the first and second examples of processing, HF
vapor may be supplied onto a non-rotating substrate instead.
Same shall apply for the example of processing described 1n
the third and fourth preferred embodiments.

Furthermore, while 1t 1s explained that in the third example
of processing, the replacement step described in the second
example of processing 1s not conducted before the etching
step, the replacing step may be executed belore the etching
step. Also, the post-process step may be executed aiter one or
more cycles of replacing and etching step. The replacing step
may be conducted betfore the etching step likewise in the third
and fourth embodiments.

In the first to fourth preferred embodiments, HF vapor (mix
of fluids of hydrofluoric acid vapor and carrier gas) as a
process vapor 1s supplied onto a substrate. But anhydrous
hydrofluoric acid vapor (hydrofluoric acid 1s diluted with
carrier solution, not water) or mixture of anhydrous hydroi-
luoric acid vapor and carrier gas, may be supplied onto a
substrate istead. Furthermore, process vapor may be vapor
containing fluorine for etching SiN, or cleaning vapor gener-
ated from e1ther one of ammonia or hydrogen peroxide water,
not being limited to vapors generated from hydrofluoric acid
or anhydrous hydrofluoric acid.

Also, whereas each of process vapor (HF vapor) or inert
gas (nitrogen gas) 1s supplied into the interior of the chamber
(enclosed space) from the same unit (HF vapor generator) in
the first to fourth preferred embodiments, process vapor or
inert gas may be supplied from separate units

Also whereas 1t 1s described that substrate processing appa-
ratus treats circular substrates, substrates 1n a polygonal shape
may be treated likewise.

Other various modifications on design may be possible
within the limitations cited in the appended claims.

Although the preferred embodiments of the present mven-
tion have been described in detail, the embodiments are
merely specific examples used to clarily the technical con-
tents of the present invention, and the present invention
should not be understood as being limited to these specific
examples; and the scope of the present invention 1s limited
solely by the appended claims.

The present application corresponds to Japanese Patent
Application No. 2011-281688 filed 1n the Japan Patent Office
on Dec. 22, 2011, and Japanese Patent Application No. 2012-
1’77220 filed 1n the Japan Patent Oflice on Aug. 9, 2012, the
entire disclosures of which are incorporated herein by refer-
ence.
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What 1s claimed 1s:

1. A substrate processing method comprising:

a preprocess step for supplying an inert gas into an
enclosed space 1n which a substrate 1s disposed, while
evacuating the enclosed space at a preprocess tlow rate;

an etching step after the preprocess step for supplying a
process vapor into the enclosed space, while evacuating
the enclosed space at an etching tlow rate lower than the

preprocess flow rate to form a film liquid on the substrate
through condensation of the process vapor, and etching
the substrate with the film liquid; and

a post-process step alter the etching step for supplying an
iert gas mnto the enclosed space, while evacuating the
enclosed space at a post-processing tlow rate higher than
the etching flow rate.

2. The substrate processing method according to claim 1,
wherein the etching step includes at least one of the following,
steps:

(a) an exhausting step for supplying the process vapor into
the enclosed space, while evacuating the enclosed space
at the etching tlow rate; and

(b) a step for supplying the process vapor into the enclosed
space, while evacuating the enclosed space at the etching,
flow rate with an exhaust device for evacuating the
enclosed space being stopped.

3. The substrate processing method according to claim 1,

turther comprising a replacing step for supplying a process
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vapor into the enclosed space, while evacuating the enclosed
space by means ol an exhaust device at a replacing flow rate
higher than the etching flow rate,

wherein the replacing step 1s conducted after the prepro-

cess step and before the etching step.

4. The substrate processing method according to claim 3,
further comprising a repetition step which alternates the
replacing step and etching step for a plurality of times before
the post-process step.

5. The substrate processing method according to claim 1,

wherein the enclosed space contains a cover having a com-

munication hole through which fluids tlow between the
inside and outside of the cover, and

wherein the etching step includes a step for supplying a

process vapor 1nto the mside of the cover 1n a state such
that the substrate 1s covered by the cover, while evacu-
ating the enclosed space through the communication
hole.

6. The substrate processing method according to claim 1,
wherein the etching step includes a step for supplying a pro-
cess vapor 1nto the enclosed space, the enclosed space having
a circular protection wall surrounding the substrate while
evacuating the enclosed space.

7. The substrate processing method according to claim 1,
wherein the substrate 1s a substrate having a mitride film
formed thereon.



	Front Page
	Drawings
	Specification
	Claims

